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ABSTRACT: The research essay explores the design and construction of an Electric Fish Finder – a self contained,
portable bioamplifier for the detection and monitoring of the electric organ discharges generated by electric fish.
Several improvements on a previous design are described, including superior performance in waters of extremely low
conductivity, extended battery life, and sounder waterproofing.
Republication not permitted without written consent of the author.
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INTRODUCTION
In regard to the design and construction of the secondgeneration Electric Fish Finder Mark II (EFF-mkII), it
is a self contained bioamplifier and speaker built into a
waterproof metal enclosure. From probes on the end of
an attached cable, the EFF-mkII amplifies the electric
organ discharges produced by electric fish, permitting
the localization and subsequent capture of electric fish in
their natural habitats in freshwater systems of South and
Central America (Crampton & Albert 2006) and Africa.
The EFF-mkII is built upon an existing design (Crampton
et al. 2007), but provides the following design
improvements: (1) use of a printed circuit board instead
of a perforated board; (2) several modifications to the
circuit plan to allow much greater stability under
conditions of high water resistance (low conductivity);
(3) power circuits modified to include an active virtual
ground; (4) and complete waterproofing.
SPECIFICATIONS
The EFF-mkII bioamplifier is a standard differential
amplifier and uses a simple, grounded dipole electrode
pair to detect underwater electrostatic fields, such as the
Electric Organ Discharges (EOD) of electric fish. A
potential difference across the electrode pair results in a
voltage signal, which is used to drive a small loudspeaker.
To accommodate differences in signal strength among
species of electric fish, and to permit the exact localization
of individual fishes, a 3-position switch allows the user to
toggle between “off,” “low-gain,” and “high-gain” settings.
An underwater electrostatic signal is attenuated at the
cube root of distance from the source, so voltage declines
rapidly with distance from an electric fish (Knudsen
1975). The high-gain setting can be used for sweeping a
larger area, and when a signal is found, the low-gain
setting enables the user to locate the source of the EOD.
The fish can then be captured with a net. The gain of the
bioamplifier is inversely proportional to the conductivity
of the water, and has been fine-tuned such that in areas
of high conductivity (where, all else being equal, the
range of electrostatic fields is smaller), there will be
adequate sensitivity to detect weak signals. The EFFmkII is powered by six 1.5V AA size cells (alkaline, or
rechargeable lithium, Ni-Mh, or Ni-Cd). AA batteries
are commonly available and inexpensive, and their higher
capacity than 9V batteries enables longer continuous
runtime. The EFF-mkII can withstand total submersion
for a tested period of five minutes, with no ingress of
water.

https://stars.library.ucf.edu/urj/vol4/iss1/5

IMPROVEMENTS AND MODIFICATIONS
Instrument amplifier oscillation
The motivation for a second-generation fish finder was
largely due to oscillation of the main instrumentation
amplifier under conditions of extremely low water
conductivity (i.e. high resistance). This problem is
manifested as a persistent high-frequency screeching
that interferes with amplifier operation. Some Amazonian
streams contain water with electrical conductivity as low
as 5 μScm-1, placing them among the most electrolytefree natural systems on earth. Nonetheless, they host
abundant communities of electric fishes. The original
electric fish finder (EFF-mkI) circuit used an INA101
instrumentation amplifier chip manufactured by Texas
Instruments (TI). In either low- or high-gain settings,
this chip exhibits a tendency to oscillate during field
operation. The solution to this problem was a simple
termination of the amplifier’s input terminals with a
capacitor of appropriate value (2.2 nF). The design of the
EFF-mkII incorporates this change into the schematic
(see Figure 1). Additionally, the model INA128
instrumentation amplifier was selected to replace
INA101. The INA128 features an 8-pin package instead
of 14 pins, a lower noise figure, higher gain bandwidth
product, and lower cost. This change affects stage A of
the circuit (see Figure 1). In stage B, the EFF-mkI used
a µa741 operational amplifier. A TI NE5532 operational
amplifier was selected for its replacement. The NE5532
amplifier is a high-speed amplifier designed for lowfrequency applications (such as audio), is commonly
available, has very good noise characteristics, and costs
approximately the same as the µa741. Stage C of the
EFF-mkII uses a compatible replacement for the LM386.
which is identical for all practical purposes.
Active Virtual Ground
An important change to the EFF-mkII over the EFFmkI is in stage D (see Figure 1). Because power is
supplied via batteries, the use of a virtual ground to power
the components is imperative. The EFF-mkII utilizes
the TLE2426 virtual ground integrated circuit (IC). This
IC is a precision voltage reference, which provides a
voltage output of exactly half of that which is provided
between the input and the common terminal. The
advantage of using this IC is that any voltage imbalance
between the V+ and V- rails will be minimized, provided
that the ability of the TLE2426 IC to sink and source
current is not exceeded. This has a significant impact on
the performance of the circuit, especially when the
batteries begin to lose voltage. Imbalanced voltages
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increase distortion, reduce runtime before the batteries
are low, and increase the potential for oscillation of the
amplifiers. The use of the TLE2426 in the EFF-mkII
circuit results in active virtual ground as opposed to a
passive virtual ground.
Printing of the Circuit Board
Another significant change to the EFF-mkII is the use
of a real PCB as opposed to the perforated board utilized
in EFF-mkI. The PCB design (see Figure 2) utilizes a
dual layer board milled on a PCB prototyping machine.
All components are through-hole mounted, as with
EFF-mkI. The top layer of the board is reserved as a
ground plane to help reduce noise, and all signal and
power traces are on the bottom layer. Keeping signal
trace lengths to a minimum helps ensure low distortion
and reduces stray capacitance, which in turn reduces the
chance of the amplifiers becoming unstable. Additionally,
the PCB is much more compact than the perforated
board, freeing up space inside the chassis. PCB milling
was done on a T-Tech Quick Circuit 5000 prototyping
machine, and layout was undertaken using Orcad
Capture and Orcad Layout software version 10.3 (Orcad,
San Jose CA). The layout files provided could easily be
modified to make high quality professional boards from
any PCB manufacturer that can utilize Gerber or DXF
fabrication files.
Waterproofing
Unlike in EFF-mkI, the Lemo cable connector mates
with a special watertight connector, providing complete
waterproofing. As with EFF-mkI, waterproofing was
also provided by using: (1) sealing washers at the holes
drilled to secure the carrying strap; (2) a non-gain switch
with rubber O-rings; (3) A loud speaker with a waterproof
polymer cone fixed in position with silicone rubber
sealant; (4) and a metal enclosure with a waterproof lid
seal. To test the waterproofing, each EFF-mkII was
submerged, with a connected probe, for five minutes in a
five-gallon bucket. Units that passed this test showed no
evidence that water had leaked in. Should any of the
waterproof seals fail, the EFF-mkII is capable of
operating safely with small amounts of water inside,
without damage.

CIRCUIT DESIGN

A schematic of the EFF-mkII is provided in Figure 1.
Each stage of the circuit is annotated with the letters
A-E. For a list of components, refer to Table 1. Stage A
Published by STARS, 2009

receives a differential input from a high quality, waterproof
3-pin Lemo connector. This is grounded to the virtual
ground (see Figure 1). Stage A utilizes a Texas Instruments
INA128 instrumentation amplifier, which is AC-coupled
to the dipole electrode. Connected across the differential
inputs of this instrumentation amplifier is a 2.2nF
capacitor that prevents oscillation of the amplifier, thus
suppressing screeching and distortion of the amplified
signal. A gain resistor of 180Ω is used to set the voltage
gain of this amplifier to approximately 277x. Since the
amplifier is AC-coupled, two 1MΩ resistors are
connected from each of the differential inputs to the
virtual ground to allow for a return path of the internal
biasing current of the INA128. These resistors also have
the additional role of setting the corner frequency of the
resulting high-pass filter. The output of the INA128 is a
single-ended signal approximating that of the voltage
differential on the electrodes. Depending upon the
position of a 3-pole-double-throw (3PDT) 3-position
switch, the output from stage A (low-gain) will be
directed to stage C (loud speaker) bypassing stage B, or
to stage C via stage B (high-gain). The middle position
of the 3PDT switch is the “off ” setting. Gain stage B
consists of a Texas Instruments NE5532 operational
amplifier configured as a multiple feedback (MFB) active
filter. This filter is AC-coupled to gain stage A and
provides approximately 5x additional gain to increase
sensitivity. When stage B is engaged, the total gain before
stage C is approximately 1385x. Stage C consists of an
NJR NJM386BD operational amplifier, which has the
same specifications as the standard LM386 IC. The
NJM386BD amplifies the signal to the 8Ω loud speaker,
with a built in gain of 20x. Since a single-ended signal is
being amplified, the inverting input to this amplifier
should be connected to ground (an internal pull-down
resistor connected to ground is provided so a resistor on
the inverting input is not necessary).The NJR NJM386BD
is AC-coupled to both the input source and to the
loudspeaker. The loudspeaker is coupled with a large
value bipolar electrolytic capacitor to maintain integrity
of the resulting amplified signal.

CONSTRUCTION OF THE ENCLOSURE

Internally, aluminum brackets are glued to the aluminum
chassis using silicone sealant (see Figure 3). To these,
foam is glued, providing protection for the battery pack.
The PCB is also glued into the chassis, with nylon
washers used as spacers between the chassis and the
bottom of the board to prevent accidental short circuiting.
Standard hookup wire is used to connect the switch and
the Lemo connector. The wires are twisted to help reduce
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induced noise. To the sides of the chassis, swivels are
mounted for a carrying strap, allowing the unit to be
hung from the neck.
FIELD OPERATION AND CONCLUSION
Operation of the EFF-mkII in the field yielded
satisfactory results under a wide range of conditions and
for wide range of electric fish species. The simple design
of the EFF-mkII allowed for an intuitive grasp of its use
and for quick setup in the field upon arrival to a fishing
site. The waterproofing of the chassis allowed for
continued operation of the EFF-mkII in heavy rainstorms
and the occasional drop into the water. Figure 4
demonstrates use of the EFF-mkII in a small stream in
the Peruvian Amazon.
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Table 1. Component list for Electric Fish Finder Mark II.
Component
Circuit Board
Instrumentation amplifier: 8 piN IC
Operational amplifier: 8 pin IC
Operational amplifier 8 pin IC
IC Socket: 8 pin
Capacitor (bipolar electrolytic) 470µF
Capacitor (bipolar electrolytic) 22µF
Capacitor (bipolar electrolytic) .22µF
Capacitor (bipolar electrolytic) .1µF
Capacitor (bipolar electrolytic) .047µF
Capacitor (bipolar electrolytic) .022µF
Capacitor (bipolar electrolytic) .002µF
Capacitor (bipolar electrolytic) 2.2nF
Capacitor (ceramic) 47pµF
Resistor: 1MΩ 1/4W 1%
Resistor: 270kΩ 1/4W 1%
Resistor: 56kΩ 1/4W 1%
Resistor: 180Ω 1/4W 1%
Resistor: 10Ω 1/4W 1%
External to Board
8Ω 50mm round mylar cone speaker
3PDT Switch
Aluminum L-Brackets

Qty. Part Number

Vendor

1
1
1
3
1
1
2
2
1
2
1
1
1
2
1
2
1
1

595-INA128PA
NE5532PE4
513-NJM#386BD
276-1995
P1170-ND
P1177-ND
P3224-ND
P3104-ND
PS1H473G-ND
P3917-ND
P3831-ND
140-PM2A222K
P4845-ND
P1.00MCACT-ND
P270KCACT-ND
P56.0KCACT-ND
P180CACT-ND
10.0XBK-ND

Mouser
TI
Mouser
Radioshack
Digi-Key
Digi-Key
Digi-Key
Digi-Key
Digi-Key
Digi-Key
Digi-Key
Mouser
Digi-Key
Digi-Key
Digi-Key
Digi-Key
Digi-Key
Digi-Key

1
1
3

GF0501M-ND
506-MTE306E
A21Z

3 Pin Watertight Connector, Female

1

EGG.2k.303.CLL

3 Pin Watertight Connector, Male

1

FGG.2k.303.CLAC55Z
796-9845

Digi-Key
Mouser
Home Depot
Delta
Components
Delta
Components
Allied
Electronics

506-B1440004
546-1590WP1BK
ORS-001-25

Mouser
Mouser
Small Parts

Electronics Grade RTV Silicone
Casing
Switch Boot Seal
Die-cast Alum. Watertight Enclosure
#001 Silicone o-ring 25pk
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Figures and Figure Legends

Figure 1. Schematic for Electric Fish Finder Mark II. Dashed lines refer to items located external to the
printed circuit board.
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Figure 2. Board layout for Electric Fish Finder Mark II. Magenta lines are the bottom layer traces
and pads. Red lines indicate silk screen layer (not used in printed circuit board milling). Blue
lines are top layer pads. The green outline is the board routing layer and indicates the shape
https://stars.library.ucf.edu/urj/vol4/iss1/5
of the board after milling.
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Figure 3. Internal (A) and external (B) views of the Electric Fish Finder Mark II.
1. 3-pin electrode pair input. 2. Toggle switch. 3. Speaker. 4. Battery bay lined
with foam, with battery-pack installed. 5. Neck-strap attachment swivels. 6.
Printed circuit board (see Figure 1 for schematic). 7. Polyester-film type capacitor.
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Figure 4. Jeffrey Lambert operating the EFF-mkII in a small rainforest stream near Jenaro Herrera, Loreto, in the Peruvian Amazon.
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